INTRODUCTION
In the planetary gear train of wind turbine gearbox, planet gear and the bearing outer ring are assembled together by shrink-fit. And fretting phenomena may happen in the fit surface because of the load fluctuation. Further, if the fluctuation is big enough, severe slipping may even happen. The fretting or slipping always causes micro-abrasion in the interface, and then influences the stability of the wind turbine. A lot of scholars have done detailed researches [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] on the fretting in the interference fit and its impact on the structure. Teuvo Juuma [2] studied the effect of the contact stress and slipping distance on the micro-twist fatigue limit, and found that the slipping distance and micro-abrasion decrease with the increasing contact stress. B. Alfredsson [3] studied the propagation of the fatigue cracks in the shrink-fitted body under bending and torsion load, and he compared the result with the experimental data. As a result, he found that the bending and torsion load would decrease the component's fatigue life almost 50% comparing with single bending load. Lee, Dong-Hyong [5] studied the micro-abrasion and the patterns of the interference contact surface under periodic twist load. He found that in the beginning, the abrasion almost happens in the contact rim and as the number of cycle increases, the abrasion area moves towards the inner part. Frederic Lanoue [6] studied the relationship between the slipping distance and the fretting fatigue limit. After comparing several different fatigue criteria, he found that Dang Van criterion is more closer to the physical truth. B. Alfredsson [9] used experiments together with simulations to study the evolvement of fretting in the interference fit surface, and found that different degrees and different patterns of abrasion take place in unidirectional and circular slip zone.
Investigation to the gearbox manufacture company showed that 21 failure accidents happened in 3 years for the 1.5MW wind turbine gearbox and the fretting fatigue abrasion was serious. So the analysis of the damage mechanism of the planetary gear train in wind turbine is so important. This paper will present a detailed analysis about it.
THE POSSIBLE DAMAGE REASONS

Chemical composition analysis
The material for the second-stage planetary gear of the wind turbine is18 7 6 CrNiMo − , the bearing outer ring's material is 2 SUJ , and the bearing ball's material is 3 SU J . The chemical compositions and contents of the components were measured by using scanning electron microscope (SEM) to do the energy spectrum test on the damaged planetary gear components, and the result is given in ABSTRACT: Wind turbine industry is meaningful for the energy safety, but there are still some bottlenecks with the development of the wind turbine technology. How to improve the fatigue life and reliability of wind turbines has become a major problem. In this paper, the 1.5MW wind turbine gearbox was used as an example to study the damage mechanism of the planetary gear train. First, the chemical compositions, tensile properties, Rockwell hardness, impact energy and carburized depth of the gear and bearing material were measured, and the result shows that all the above-mentioned parameters can meet the design requirements, which means they are not the reasons causing the damage of the gear. Second, based on the actual patterns of the damaged components, the main source of damage is deduced to be the inner-hole surface of the planet gear. Further, the curves of the maximum sliding distance with respect to load under different fit tolerances (P6 & R6) were compared. As a result, P6 is found not a rational fit tolerance for the planetary gear train, and it is the main reason causing the damage of the gearbox. Therefore, fit tolerance R6 should be chosen for the design.
all the other chemical compositions' contents are qualified. Since Si can significantly improve the core hardness of quenching parts, some types of 15 GCr bearing steel contain more Si to increase components' hardening capacity, such as 15 GCr SiMn . Therefore, the chemical compositions of the secondstage planetary gear can meet the design requirements.
Tensile properties test
The result of measuring the tensile properties, such as tensile strength, yield strength, elongation and area reduction is shown in Figure 1 . From the result, all the tensile properties can meet the design requirements, but the difference between the tensile strength of gear's different parts is quite clear. The tensile and yield strength of 1/2 gear spoke height decreases approximately 240MPa and 280MPa respectively compared with the positon of gear root, and the values are almost close to the standard lower limit. Figure 2 shows the Rockwell hardness of gear's different parts, such as tooth face, gear root, 1/2 gear spoke height and internal surface. From the result, the tooth face's hardness is 58.6HRC , and it meets the standard 57~60HRC ; the gear root's hardness is 39.2HRC , the 1/2 gear spoke height's hardness is 35.3HRC , the internal surface's hardness is 35.1HRC , all of them can meet the standard 30~42HRC . Similarly, Figure 3 shows the Rockwell hardness of bearing inner ring, outer ring and ball. From the result, the bearing inner and outer ring's hardness is 60.9HRC and 60.6HRC respectively, both can meet the standard 59~63HRC ; the bearing ball's hardness is 61.3HRC , and it can also meet the standard 60~64HRC .
Rockwell hardness test
Impact energy test
Impact energy is defined as the consumed energy on the test specimen during the impact experiment. If the specimen is V-type gap, then Akv is used to represent the impact energy. This paper did impact experiments in different temperatures, and the result is shown in Figure 4 . From the result, the impact energy in room temperature is 92.2J , it meets the standard 40J ≥ ; the impact energy in 40 C°− environment is 35.5J , and it also meets the standard 25J
≥ . Figure 5 shows the curve of micro-hardness with respect to the depth from gear surface, the microhardness is measured from surface to 3.2mm underneath using micro-hardness instrument. According to the national standards GB/T 9450-2005, the effective depth of the carburized layer is the distance between surface and the underneath plane where the hardness is 550HV . So, from the experimental data acquired, the effective depth of the carburized layer is about 2.3mm , and it meets the standard 1.9~2.3mm . In addition, the hardness gradient is well-distributed. From the above-mentioned test results, all these parameters can meet the design requirements. Therefore, all these are not the reasons causing the failures of the planetary gear. Instead, the main failure source of the planetary gear is the inner-hole surface in wind turbine's real running conditions. Furthermore, fretting or slipping is the direct reason causing failures. So further analysis of the contact property under different fit tolerance is needed to do for studying the failure mechanism. Before using finite element method to analyze interference contact properties, the load boundary conditions should be acquired. The following paragraphs will deal with it.
Carburized layer test
THE DYNUMIC PARAMETERS OF WIND TURBINE'S PLANETARY GEAR
The wind turbine's second-stage planetary gear train is NGW type. The force analysis is shown in Figure  6 . In the Figure 6 , X is planet carrier, A is sun gear, B is ring gear, X T is the input torque, A T is the load torque. For planet gear C, tBC F is the force applied by the ring gear, tAC F is the cyclic force applied by the sun gear, rBC F is the radial force applied by the ring gear, rAC F is the radial force applied by the sun gear, and '
x C R is the supporting force applied by the pin roll. All the components are at equilibrium state. And the input and output torque are 
THE CONTACTING PROPERTY ANALYSIS OF THE INTERFERENCE FIT UNDER STABLE EXTERNAL LOAD
From theoretical calculation, the load on the planet gear's fit surface is 92.9 F kN = in standard running condition. While in actual working conditions, the force applied on the planet gear is nearly 2.5~3 F F .
In addition, for geometrical parameters, the fit tolerance between the bearing outer ring and the planet gear's inner-hole surface is After getting simulation data from Ansys, the data is processed by Matlab. Figure 7 is the cloud map showing the sliding distance in planet gear's innerhole surface (the color depth is linear to the quantity of sliding distance).
In addition, the sliding distance between planet inner-hole surface and bearing outer ring under different load amplitudes ( 1 .0 F , 1 .5 F , 2 .0 F , Based on the result of Figure 8 , the relationship between load and the maximum sliding distance under different fit tolerance can be acquired. As Figure 9 shows, the maximum sliding distance would increase with the increasing load. Obviously, for the upper and lower limits of fit tolerance 6 P , the relationship between the maximum sliding distance and the load has a big difference. While for the upper and lower limit of fit tolerance 6 R , the relationship between the maximum sliding distance and the load is almost the same, or in other words, the maximum sliding distance profile changes little in the tolerance zone for 6 R . So that 6 P is not a rational tolerance for this 1.5MW wind turbine gearbox, and it is also the main reason causing its failure. So 6 R should be chosen as the planetary gearbox's fit tolerance.
CONCLUSION (1)
Experiments on material's chemical compositions, tensile properties, Rockwell hardness, impact energy and the carburized depth are done on damaged components. As a result, it shows that all these parameters can meet the design requirements. So these would not be the reasons causing the gearbox's failure.
(2) After doing force analysis on the second-stage planetary gear, the loads on the planet gear can be got from equilibrium equations. These loads can be used as the force boundary condition in the later contact property analysis.
(3) Under stable running environment, the maximum sliding distance under P6 and R6 fit tolerances are compared. Based on the result, it is found that P6 is not suitable for this 1.5MW wind turbine gearbox, and in addition, it is also the main reason causing gearbox's failures. As a result, R6 is a more rational choice.
